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ABSTRACT 


This thesis investigates measures of effectiveness 
(MOE) and defines the data elements for an automated 
USMC repair parts initial provisioning evaluation 
system. Twenty-three specific MOEs, applicable to any 
new weapon system, are proposed from five general 
Criteria categories: weapon system readiness, supply 
Support, cost, essentiality and range/depth. Then, 
each MOE is examined for practical implementation 
potential by identifying and/or modifying data elements 
resident in USMC automated files. To assist in the 
database programming of MOEs, Appendices B through E 
define and cross-reference the MOES, automated files 


and data elements. 


li tee 


TABLE OF CONTENTS 


THE NEED FOR PROVISIONING CR LIER LA---.----.—-—-—-—= 
A. INTRODUCTION--------------------------- 
B OBJECTIVES ------- - --- -- - --- -- = - - - + = -- = 
e SI@O)2 8 —--— = — S  S 
D ASSUMPTIONS ---------------------------- 
E RESEARCH METHODOLOGY---------—---------- 
Ee ORGANIZATION OF STUDY------------------ 
SURVEY OF USMC PROVISIONING--------------------- 
A. DOD POLICY----------------------------- 
B. USMC POLICY---------------------------- 
C. USMC RESPONSIBILITIES------------------ 
l. Headquarters Marine Corps--------- 
2. Marine Corps Logistics Base, 
Albany---------------------------- 
3. Fleet Marine Force---------------- 
4. Summary--------------------------- 
D. PROVISIONING PROCESSES----------------- 
E. USMC EFFECTIVENESS STUDIES------------- 


F. WEAPON SYSTEM AUTOMATED INFORMATION 


SYSTEM-------------------------------- 


IIIT. PROVISIONING MEASURES OF EFFECTIVENESS---------- 22 


A. INTRODUCTION--------------------------- 22 
B. WEAPON SYSTEM READINESS---------------- ee 
1. Weapon System Availability-------- Ze 
2. ULM2 Readiness--------------------- 24 
3. Component Availability------------ 24 
Cc. SUPPLY SUPPORT MEASURES---------------- a 
l. Mean Supply Response Time--------- 25 
2. Supply Material Availability------ 26 
3. Backorder Percentage-------------- 26 


4. Average Days Delay for Delayed 


Requisitions---------------------- 26 

5. Summary--------------------------- 27 

Si, (COR? MEWS UU) S$ -- au = eee 27 
l. Investment Costs------------------ 2a, 

2. Order Costs----------------------- 28 

3. Overage CoOStS$------------- 3-H 28 

4, Overage Percentage---------------- 29 

5. Summary-------------------- 29 

E. ESSENTIALITY MEASURES ------------------ oo 
F. RANGE AND DEPTH MEASURES------~--------- Sak 
G. SUMMARY --------- rer ee rer rrr rrr rrr a2 
eee ee toe NG LALA ,ELEMENTS———=————————---—-—=—-—-—- 34 
ee Se oom). LA = = ——— = - = =~ 34 
1. Weapon System Availability-------- 34 


Wee 


Be 


SUMMARY, 
A. 


216 


a. Mean Time Between Failure----- 35 


b. Mean Time to Repair----------- a7 

c. Mean Supply Response Time----- 38 

2. LM2 Readiness--------------------- 40 
3. Parts Availability---------------- 41 
4, Summary--------------------------- 41 
SURI SURE iD 0. == = = 41 
1. Mean Supply Response Time--------- 41 
2. Supply Material Availability------ 42 
3. Backorder Percentage-------------- 44 
ies DDD Ree = Se SS Ss Sea ease = 44 
5 Summar y---------------- ----------- 44 
COST DATA--------------------___------. 44 
l. Investment Cost------------------- 44 
2. Order Cost------------------------ 44 
S Overage CoOSt---------------------- 45 
+ Overage Percentage---------------- 45 
5. Summary--------------------------- 46 
ESSENTIALITY DATA---------------------- 46 
RANGE AND SD eet. DAt———————— ae 47 
SUMMARY ----------------- 3-5 + --- - ---- 48 
CONCLUSIONS AND RECOMMENDATIONS-------- a0 
SUMMARY -------------------------------- 50 
CONCLUS IONS ~------- -- 2 ee nnn 50 
RECOMMENDATIONS ------------------------ 2 


PErENDEG A: GLOSSARY OF ACRONYMS-------------------- 54 
Pee ie ener wa mE rE INI TIONS———-—-—-—-———--------.—---_.- 56 
APPENDIX C: FILE STRUCTURE DEFINITION--------------- 63 
a hee aor OD MDB IN TP LON-===2=5-——-—-=——--—]-.-.....- en 
APPENDIX E: MOE/DATA ELEMENT MATRIX----------------- 74 
LIST OF REFERENCES----------------------------------- aa 
Sweety both eau LON UisTt——~——---—-<—<— -<-<<---—-<--------- 80 


I. THE NEED FOR PROVISTONMNGSCRETER TA 


ee INT RODUCT MeN 

During the 1980’s the United States Marine Corps 
witnessed the most profuse equipment modernization program 
in its history. The Commandant of the Marine Corps 
reported to Congress in January 1986, "We plan to replace 
every single weapon system within the Marine Division-- 
from the pistol to the main battle tank--in a decade." 
[1:27]. Much management and journalistic attention has 
been focused upon the acquisition cost, while less has 
been paid to the cost of repair parts to support these 
new weapon systems. Yet support is also quite expensive. 
Over the next six years the Marine Corps projects an 
average of $32 million will be spent for repair parts 
to support the fielding of new weapon systems [2]. 

Provisioning, in simple terms, is the selection and 
procurement of repair parts to support newly fielded 
equipment. This is no easy chore, however, because the 
provisioner confronts a fundamental dilemma; namely, 
predict and buy all parts that a weapon system will 
need in its first years, but buy no more than needed. 

If he buys too few, readiness suffers and Marines lose 
confidence in the weapon and its support system. If he 
buys too many, investment dollars are wasted, high holding 
costs result, and other opportunities for getting a 
military return on dollars spent must be foregone. 

Many factors confound the provisioning effort. 
Engineering configurations may change, maintenance con- 
cepts may be ill-defined, equipment/part reliability 
estimates may err drastically, budgets may change, vendors 
vary in capabilities to support secondary requirements, 
unit deployment schedules may change and so on. All 
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of these unknowns often change over the provisioner’s 
decision-making horizon. 


B. S@BJECTIVES 

The main objective of this thesis is to uncover and 
develop useful criteria to measure USMC provisioning 
effectiveness after-the-fact and, on a practical bent, 
derive data element definitions to assist in the Marine 
Corps Logistic Base, Albany, GA. (MCLBA) Weapons Systems 
Automated Information System (WS/AIS) development effort. 

An abundance of provisioning literature published 
in recent years has focused either upon forecasting 
mogels or has decried the poor results of forecasting 
models in a lessons learned format. This paper will 
take a different approach and describe, define and measure 
the effectiveness of provisioning. This distinction is 
important. While DOD and USMC directives set forth the 
grand goals of provisioning, specific measures of effect- 
iveness (MOEsS) are not stated. 

Therefore two central research questions will be 
addressed: 


1. What are some_useful MOES that the Marine 
Corps can apply to its provisioning process? 


2. What data elements are relevant to these MOESsS? 

Poris sheped this thesis will prompt open discussion of 
MOEs by the many stakeholders in the provisioning process: 
provisioners, weapon systems managers, inventory managers, 
COMubEaActoOrs-. acdulsittion project officers, budgeteers, 
field maintenance personnel, supply personnel and, perhaps 
most importantly, the Marines who will use this equipment 
on the battlefield. 


ee) EE, 

This paper considers only the initial provisioning 
pummepair pants for newly fielded USMC Kleet Marine 
Force (FMF) ground equipment. Aviation items and 
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pre-positioned war reserve stocks (PWR)! are excluded. 
Technical publication, tool = testmequipment "and trannies 
provisioning is also excluded. Only repair parts issues 
are addressed. 


D. ASSUMPTIONS 

This thesis assumes a beneficial role for explicit 
MOEs. As Casey Stengel, former manager of baseball’s 
New York Yankees, once stated, "If you don’t know where 
you’re going you may end up somewhere else." MOES can 
tell you where you are going. 

As a result of recent USMC provisioning efforts, 
new policy has evolved which has led to the publication 
of a revised provisioning manual [3]. The intention of 
this thesis is to provide a needed connection between 
the broad goals and policies of provisioning and specific 
measures to evaluate provisioning effectiveness. 


E. RESEARCH METHODOLOGY 

Information was acquired by an exhaustive review of 
periodicals held by the Naval Postgraduate School; review 
of DOD, USMC and other service documents, reports, staff 
studies and research papers from the Defense Logistics 
Studies Information Exchange; review of pertinent DOD, 
DON and USMC directives and staff reports; and dozens 
of interviews with MCLBA logistics managers. 

For an in-depth review of provisioning issues refer 


to two studies. Provisioning Responsibilities, Procedumes 


and Requirements Determimavton  tnetnesUnitedeotates 
Marine Corps, a 1979 thesis by Captain Paul M. Lee, USMC, 


topically outlines the intricate world of Marine Corps 
provisioning [4]. Marine Corps Provisioning Policy 


1 PpwR is USMC equipment held in storage pending 
outbreak of war. 
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Revwreweocalt study Report Of 1980 explains past problems 
encountered with MOES and data extraction [5]. 


F. ORGANIZATION OF STUDY 

This thesis contains five chapters and five appen- 
Giees . Chapter I[ has discussed the purpose, scope and 
assumptions. Also presented were the methods of research 
and the organization. 

In Chapter II DOD and USMC provisioning objectives 
and responsibilities are cited. Discussion of provis- 
ioning processes and tasks acquaint the reader with the 
basic work flow. Past USMC efforts at provisioning 
measurement are synopsized and the current automated 
systems development at MCLBA is presented. 

Proposed measures of effectiveness are analyzed in 
Chapter [II. Five general categories are scrutinized 
for MOE alternatives. Particular emphasis is placed 
mpomeconceptual pitfalls likely to be encountered in 
using each MOE. 

Chapter IV defines specific data elements, relation- 
ships and the computational aspects for each MOE of 
Ghatrrer I rl . One objective is to demonstrate the feas- 
Bpalwety OL tracking desired MOES with an automated infor- 
mation system. 

Chapter V concludes with a summary of the issues 
raised and recommendations for further research. 

Appendix A is a list of acronyms. Appendix B defines 
each data element while Appendix C describes the sub- 
files needed to isolate the data elements of interest. 
Appendix D shows a cross-reference of MOEs, sub-files 
and data elements. In Appendix E an MOE/Data Element 


matrix is offered. 
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[Il. SURVEY OF USMe CERO stoic 


Ase! O Dive Ofer y 

Department of Defense Directive 4140.40 establishes 
the objectives and policies of initial provisioning in 
support of new weapon systems. The main objective of 
provisioning is to: 

assure the Be availability of minimum initial 
stOndintenance and supply aerivitics to-sustain’ 
programmed operation of end items until normal replen- 
ishment_can be effected, and to provide this support 
at the least initial investment cost. [6:2] 
This instruction fwiepier charges DOD components (i.e., 
the USMC) with the responsibility for final determination 
of the range and quantity of support items required for 
the initial outfitting of new end items entering the 
operating inventory. 

Department of Defense [Instruction 4140.42 sets forth 
specific procedures and mathematical models to determine 
the initial requirements for secondary item repair parts. 
The goal is to provide the minimum number of parts needed 
to achieve a satisfactory level of weapon system perfor- 
mance until the more reliable actual demand history 
becomes available and normal replenishment procedures 
can be accomplished. [7:2] At the wholesale level, the 
COSDIF model computes the range of parts to be stocked 
as demand-based by comparing the expected cost of holding 
the item to the expected cost of not stocking the item 
over the first two years of supply support of a weapon 
system [7:Encl.3]. The depth of demand-based items 
includes expected demand during procurement lead time 
plus a procurement cycle/safety level quantity [7:Encl.2]. 

Two instances occur in which nondemand-based items, 
those that fail the COSDIF test, may be stocked at the 
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wholesale level: insurance items and numeric stockage 
objective (NSO) items. An insurance item is an essential 
item for which no failure is predicted through normal 
usage, but the lack thereof would significantly degrade 
weapon system readiness. An NSO item is an essential 
item for which failure may be predicted, but does not 
meet the demand based stockage criteria. Lack of an 

NSO item would also seriously impair weapon system read- 
iness. A quantity of one minimum replacement unit of 
each insurance or NSO item may be stockKed. Retail stocks 
are determined by USMC models and will be discussed 
Piety in section D of this chapter. 


Be Usiic POLICY 
The Marine Corps Provisioning Manual of 31 January 
1986 promulgates the basic instructions, procedures and 
guidance of all functions and operations relating to 
Provisioning in the USMC. It states: 
Initial provisioning must include the identification, 
selection, and acquisition of items required for 
maintenance, and provide instructions to ensure 
that necessary initial support items are Poe ae ned 
in the Sapp. Y system and maintenance echelons before 
new equipment is placed in service. f3:1-34 
This statement is useful for our purposes insofar as it 
emphasizes provisioning’s contribution to the maintenance 
effort and stresses the importance of supply procedures. 
Since these actions must occur before equipment is placed 


in service, the decision-making horizon is very uncertain. 


C. USMC RESPONSIBILITIES 
Mie adguarters Marine Corps 
The Commandant of the Marine Corps (CMC) is 
responsible for the acquisition, funding, and procurement 
of new weapon systems. The CMC sets provisioning policy 
and monitors its execution. To do this, the HQMC staff 


coordinates cross-service procurement agreements, 
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disseminates provisioning budget documentation, and 
includes requirements for ordering repair parts and 
provisioning technical documentation (PTD). Essentially, 


HQMC provides policy goals and budget guidance to MCLBA 
provisioners. 


2. Marine Corps Logistics Base, Albany 
MCLBA is the nucleus of USMC provisioning and 


has a plethora of management and technical responsi- 
bilities. Rather than list all, only those pertinent 
to this work are cited: 

* Develop initial provisioning budget documentation; 


* Develop plans to ensure_orderly transition from 
contractor to USNC supply support; 


* Devise procedures and schedules to transmit supe 
support eae Se to Defense Logistics Agency, General 
Services Administration, or other services Weapons 
Systems Integrated Materiel Managers; and 


* Review interservice support agreements annually to 
ensure they meet USMC provisioning requirements. 


A final responsibility, central to this thesis, is best 
presented directly from the source: 

Establish a provisioning effectiveness evaluation 

system that ensures the IIP support sustains equipment 

readiness at minimum cost and minimum contribution 

to excesses at the end of the demand development 

period. This oy Seem should use the weapon system 

code and identirication number to yo ente ay usage 

against a specific application. [3:1-12 
Thus, MCLBA not only manages the provisioning program 
but is also charged with the creation of the program 
evaluation system. Therefore, the MCLBA has considerable 
leeway in the design of the evaluation system. 

3. PREC rE ianiime monger 
As users of new weapons systems Fleet Marine 

Force (FMF) units are the customers that the provisioning 
program must satisfy. If the repair parts that eventually 
are demanded are not initially available then FMF units 
must take requisitioning action, and suffer degraded 
readiness status while awaiting the parts. Therefore, 
the full impact of HQMC and MCLBA policy, budgeting, and 


decision-making is most acutely felt at this level. 
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4. Summary 

There are many intricacies of Marine Corps pro- 
visioning but the essence is as follows: HQMC sets policy 
and budget parameters and FMF units must operate within 
the constraints of initially provisioned repair parts. 
MCLBA enjoys the central role of doing the provisioning; 
that is, deciding what parts will be initially procured 
and evaluating the effectiveness of those decisions. 
Simply stated, the goal is to maintain high equipment 
readiness at the least cost. 


Dee nrovyI STONING PROCESSES 

Provisioning planning commences at MCLBA upon receipt 
of the Five Year Defense Plan which shows the expected 
phase-in and phase-out of weapon systems. CMC issues 
funding requirements which serve as a top-line dollar 
figure or an upper bound for planning purposes. 

The Procurement, Marine Corps Planning Execution 
Shopping List sets forth the initial provisioning fin- 
ancial plan. Funds are listed by weapon system and are 
based on historical data of similar systems, technical 
experience and parametric cost estimates. As more specif- 
ic information becomes available HQMC publishes a Letter 
of Adoption and Procurement which states end item replace- 
ment factors, life expectancy, phase in/out schedules 
and maintenance factors. HQMC communicates other key 
information to MCLBA in the Field Budget Guidance and 
Provisioning Guidance Data. These documents detail the 
breakdown of weapon systems by unit, echelon of main- 
tenance responsibilities and a fielding timetable. 
Selected program data from the above documents is then 
entered in subsystem-10 (SS-10) of the Marine Corps 
Unified Materiel Management System (MUMMS) [8]. 

HQOMC and MCLBA jointly determine the provisioning 


technical documentation required of the contractor when 
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the Marine Corps procures a weapon system. If another 
service or agency procures the weapon system for the 
Marine Corps, then HQMC submits a list of the PTD desired. 
Provisioning technical documentation consists of replace- 
ment factors, unit prices, repair times, recycle times 
and other assorted data derived through logistics support 
analysis [9]. MIL-STD-1388-2A provides a complete list 
of data elements [10]. 

The Marine Corps takes an active role regardless of 
the service which procures the weapon system. PTD is 
combined in MUMMS SS-10 with aforementioned operational 
and budget program data and is passed through assorted 
mathematical models. The resulting computer output 
reports furnish the provisioner with an initial recom- 
mendation of how many parts to buy. 

The provisioner has the final responsibility for 
identification, computation and selection of initial 
repair parts. Parts essential to the operational readi- 
ness of combat essential equipment are closely scruti- 
nized. The contractor may assign source, maintenance 
and recoverability codes“, combat essentiality codes, 
replacement factors and repair rates during preparation 
of the PTD. Even so, provisioners use the Marine Corps 
Level of Repair Analysis program [11], knowledge of 
USMC support structures and technical judgment to review, 
evaluate and adjust PTD. Technical records are then 
researched to identify the appropriate WIMM for each 
part because consumables that are already in the DOD 
supply system are not allowed to be stocked by the Marine 
Corps. In this case, the USMC will send supply support 
requests to the appropriate supply source to make sure 


2 SMR codes communicate the manner of acquiring 
items; the maintenance levels authorized to remove, 
replace, repair, assemble, manufacture and dispose of 
items; and the reclamation or disposition action required. 
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enough parts are in the supply system prior to the planned 
material support date. 

The calculation of the range and depth of repair 
parts must incorporate risk factors. The Marine Corps 
uses mathematical models derived from DODI 4140.42 to 
initially determine specific wholesale quantities needed 
to support a weapon system for a two year demand develop- 
ment period [7]. Models for retail quantities are con- 
tained in reference [3]. For an in-depth discussion of 
these models and proposals for new models the reader 
should see the 1987 study by Love and Stebbins [12]. 

Initial provisioning inventories can be classified 
into three general categories: pre-positioned war reserve, 
initial system stock and initial allowance quantity. 

PWR contains materiel for both the active and inactive 
mobilization forces. Since this is used only in war time, 
Heeomaot Considered here. System stock are consumables 
held at the wholesale level and consist of a safety 

level quantity and a procurement cycle lead time quantity. 
The initial system stock provides backup support for 

the entire density of weapon systems until routine replen- 
ishment can be established (normally two years). Stock 
levels vary depending upon the criticality of the end 
item, the PCLT, the replacement rate and the demand 
forecasting method used. Initial screening through 

MUMMS SS-10 determines whether parts can be stocked as 
demand-based at the wholesale level. 

The initial allowance quantity, also called the 
garrison operating level (GOL), are the initially procured 
repair parts positioned at the FMF level. GOL is usually 
held by a Force Service Support Group Supply Battalion. 
FMF personnel normally refer to this stock as IIP, a 
short-hand term for an initial issue support package 
managed and monitored by the supply battalion’s SASSY 
Management Unit. GOL consumable depth is based on 
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estimated replacement factors and an order and ship time 
(OST). Neither safety stock nor items already in the 
supply system are authorized. GOL reparable depth is 
based on expected operational requirements, maintenance 
capabilities, OSTs, replacement rates, repair rates, 
repair cycle times and washout rates. Computations for 
the GOL and the IIP time horizon is described in Chapter 
IV of reference [3]. The GOL, which constitutes the 
[IP for FMF units, is of primary interest in this paper. 
Even though mathematical models help determine the 
range and depth of system stock and IIPs, provisioning 
remains more art than science. The process is sensitive 
to the estimates and predictions made using program 
data and PTD as inputs. Therefore, the intervention of 
technical value judgments by provisioners is needed. 
In fact, a recent study documented that 69% of initial 
parts requirements were derived from the provisioner’s 
technical judgment, not from pure reliance om the ecutpue 
of mathematical models [13]. 
Given these complexities and uncertainties, by what 
criteria should initial provisioning be evaluated? 
Past Marine Corps efforts to answer this question will 
be discussecanex ct. 


E. USMC EFFECTIVENESS STUDIES 

During 1980, eight military and civilian experts 
conducted a major provisioning program review. Taking 
nearly a year to compile, the final report showed evidence 
of excess provisioning of repair parts. One conclusion 
stated that a high degree of equipment readiness (94%) 
could be maintained despite a substantial reduction 
(35%) in initial inventory. [5:5] 

The "Brown Report", named after its senior member, 
arrived at these conclusions after developing 13 measures 


of effectiveness and searching various automated 
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maintenance and supply files for data to compare against 
stated criteria. Initial MOEs included operational 
readiness, shortage and overage costs, criticality meas- 
ures and range and depth measures. Upon discovery that 
the required data either did not exist or could not be 
extracted the original 13 MOES were reduced to 9 MOEs. 
Two significant data problems were encountered. 

First, there was a problem with data integrity, 
much of the maintenance and supply data was considered 
inaccurate or incomplete. Second, even though many of 
the data elements existed, the files and programs were 
not designed to extract the data in the format needed 
for the analysis. Hence, costly computer programmer 
hours were devoted to reconfiguring and recomputing the 
data. Annex I of the Brown Report documents these prob- 
lems in more detail [5]. The databases were designed 
to support FMF operational needs, rather than provisioning 
evaluation studies. One salient recommendation of the 
Brown report was to develop a provisioning effectiveness 
evaluation system [5:5]. 

During the 1980s, most MCLBA computer programming 
efforts were devoted to the design, development and 
implementation of the Marine Corps Standard Supply system. 
M3S added a database management system to maintenance 
and supply automated information systems files. Though 
not programmed to automatically output provisioning 
effectiveness measures, M3S does make data easier to 
V Wew ana extract. 

An April 1985 USMC provisioning conference again 
resurrected the issue of an evaluation system [14]. 

HQMC tasked MCLBA to report the effectiveness of only a 
few new weapon systems. To include all new weapon systems 
would have been too costly, time consuming and cumbersome. 

MaPUnemtinicwor =lhls writing, provisioning effective- 


ness evaluation studies include only a few weapon systems 
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and are done within the constraints of a database system 
ill-designed for the task. No software program exists 
to automatically compute MOEs and problems persist re- 
garding the configuration of the database to support 
this endeavor [15]. So provisioning may be evaluated 
as Lee noted in 1979: 
.o et DY ) seme SILOS of complaints from operational, 
maintenance and supply personnel...This negative 
feedback approach places enormous pressure on the 
provisioner to ensure that more than enough parts 
are on hand to short circuit the complaints. Without 
an objective method of evaluation of performance, 
and ven the condition of satisfying the customer 
at all o xpeuses a condition exists for overstockKage 
of initial support items. 14:35] 
There remains a clear need for some way to feedback to 
the provisioner and other logistic managers the effec- 


tiveness of initial provisioning support. 


F. WEAPON SYSTEM AUTOMATED INFORMATION SYSTEM 

MCLBA now plans to incorporate a provisioning effec- 
tiveness evaluation system within its current weapon 
system automated information system development program. 
The WS/AIS is the USMC response to the 1986 DOD Secondary 
Item Weapon System Management Concept and Implementation 
Guide [16]. SIWSM directs the services to implement 
management, procedural and automated systems to measure 





performance by weapon system support goals. not secondary 
item goals. 

The SIWSM concept consists of 13 management capabil- 
ities, 3 of which pertain to initial provisioning: 


ased on weapon 


* Multi-Echelon Optimization Models. Models must 
iPecmive pia r part réequiréméents b 
system availability goals, not secondary item goals; 


* Demand/Usage Reporting by Weapon System. Demand and 
COSt history—Wil 1 -be-bTOken Out—in- computer reports 
by weapon system sequence; and 

* Performance Tracking. SON THOU performance will 
bé E€Vvaltatéd b n system readiness goals, not 
supply Goals. This approach ultimat Ly should lead 
to better computational techniques. Oise. 

An MCLBA project management team has taken a systems 


engineering approach to define the conceptual baseline, 
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major tasks and overall requirements of the system. An 
initial outlook suggested M3S as a viable alternative 
to SIWSM concept [17]. Upon closer inspection, however, 
it was decided that the USMC implementation of SIWSM 
should be analyzed and evaluated from the standpoint of 
job functions and task requirements, not from current 
systems [18]. Regardless of how the development effort 
proceeds there remains a bona fide need to determine 
provisioning MOEs and derive the data elements needed 
for implementation. 
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Ili. PROVISIONING MBASURES OF EFFECTIVENESS 


A. INTRODUCTION 

The mark of a good MOE is whether or not it assesses 
the objective. Ideally an objective should be well- 
defined, complete and appropriate to the task at hand. 
Unfortunately, the objectives of provisioning are vague, 
multifaceted and often conflicting; therefore the goal 
of this chapter is to attempt to describe reasonable 
provisioning objectives and measures. However, no pre- 
scription of a hierarchy of objectives will be attempted. 

It must be emphasized that problems can arise when 
no cost-effective method exists to capture the data or 
aggregate the information to implement an MOE. Asa 
result, a measurable proxy must often substitute for an 
elusive MOE. 

All MOES will be designed to allow computation by 
individual weapon system. This is in keeping with the 
SIWSM goals noted in the last chapter. The time period 
encompassed by the MOES will be the entire time period 
that the IIP was intended to support the weapon system. 

Provisioning objectives and MOES are divided into five 
categories, each of which will be discussed in more 
detail: 

* Weapon System Readiness 
* Supply Support 

* Cost 

* Essentiality 

* Range and Depth 


B. WEAPON SYSTEM READINESS 
The effectiveness of provisioning should ideally be 
stated in terms of the readiness of the supported weapon 
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System. DOD’s 1986 SWISM concept and implementation guide 
is a driving document in this regard [16]. The ultimate 
goal 1s to maximize equipment readiness by devising a 
secondary item management scheme which provides computer 
output reports in weapon system sequence. 

Readiness is a bottom line figure used throughout 
DOD. However, present day supply automated information 
systems do not link supply performance with weapon system 
readiness. The SIWSM guide directs the services to 
develop these links, and thereby relate resources to 
readiness. Research has uncovered three candidate MOEs 
to track weapon system readiness. 

1. Weapon System Availability 

Operational availability (Ao) is the probability 

that a system or equipment, when used understated con- 
ditions in an actual operational environment, will operate 
satisfactorily when called upon [19:64]. This measure 
is a composite of inherent availability (Ai) and the 
effectiveness of the support environment found in the 
operating forces [20:9]. 


MTBF 
MTBF + MTTR + #3MLDT 


The mean time between failure (MTBF) shows the average 
equipment operating time between failure. The mean 
time to repair (MTTR) is the average time it takes to 
repair/restore a weapon system to an operational condi- 
tion. The mean logistics delay time (MLDT) shows the 
average time it takes to supply resource support to a 
deadlined weapon system [21:4]. Repair parts are an 
important support resource, hence the relationship between 
initial provisioning and readiness is encompassed in 
Umesemeael , 

MLDT is not a precise measure of provisioning 


because it includes delays which result from the wait 
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for tools, test equipment ,Mrransper tat tomeand rac Milman 
space. Nonetheless, the Ao percentage does yield a 
general bottom line number to help evaluate weapon system 
readiness. To further isolate the effects of provision- 
ing, a non-availability measure (Np) could be easily 
computed by subtracting the inherent availability (Ai) 
from the operational availability where: 


Ai = MTBF 
MTBF + MTTR 


Cn LM2 Unit Readiness 

The current Marine Corps FMF measure of equipment 
readiness is the LM2 percentage. This snapshot shows 
equipment operational readiness down to the battalion 
level. To compute this percentage divide the number of 
weapon systems operationally ready by the total number 
of weapon systems. A variety of equipment types such 
as communications, engineers, motor transport and ord- 
nance are combined into a single percentage score. It 
therefore provides no specific feedback to provisioning 
effectiveness for a given weapon system. 

Fortunately, Marine major commands (Divisions, 
Wings, FSSGs) also receive a weekly computer output report 
derived from LM2 files called the Equipment Status Report 
which provides readiness data aggregated by weapon system. 
For example, at a glance one could see the aggregated 
readiness of M60 machine guns. This aggregation, if 
averaged over several weeks after the material support 
date, should approximate the Ao measure for evaluating 
initial provisioning eftectiveness. 

ae Component Availability 

This measure relates weapon system availability 
to its individual components based on the theory that a 
system’s Ao is the product of the availabilities of its 
components Ao(Si) [22:34]. 
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Ao(Si) = MTBF i 
MTBFi~#—MTTRi~FMSRT1(Si ) 


The "i" subscript denotes that the measure applies only 
iOmemapeciftie component. MSRTi(Si) is the mean supply 
response time of each component; MSRT, an approximation 
of MLDT, considers only the supply system response time 
part of the logistics delay. The provisioning objective 
is to maximize Ao(Si) by minimizing MSRT, a variable 
strongly influenced by provisioning decisions. Even 

so, the minimization of MSRT does not necessarily yield 
the same solution as maximizing system availability in 
forecasting models [22:56]. Unfortunately, system avail- 
ability is a complicated function which depends on com- 
ponent availability system configuration and system 
deployment. Thus, the utility of this measure for iso- 
lating the effects of provisioning is doubtful. 

The four availability measures of operational 
availability (Ao), non-availability due to provisioning 
(Np), LM2 readiness and component availability are can- 
didate provisioning MOEs. They are bottom line measures 
that loosely relate provisioning to readiness. 


C. SUPPLY SUPPORT MEASURES 

Supply support MOEs show how well the initial parts 
inventory met the demand for parts. However, not all 
MOEs directly account for the impact of provisioning upon 
weapon system readiness. 

1. Mean Supply Response Time 

Briefly discussed in the last section, MSRT is 

a surrogate measure of MLDT that isolates the effects 
Of eimineial provisioning» decisions, seut excludes the 
other delays normally associated with MLDT. MSRT captures 
the average time it takes to satisfy a customer’s requisi- 
tion regardless of the source of supply. It empirically 
measures IIP effectiveness: if MSRT is low, parts were 
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generally satisPiea by the TIP tt NSRieis high, thea 
several requisitions were backordered. 

MSRT is not a perfect measure as it ignores the 
cost and essentiality of parts demanded or supplied. 

As an aggregate, however, MSRT relates provisioning to 
weapon system readiness better than any of the following 
measures. 

2. Supply Material Availability 

SMA is the percentage of requisitions satisfied 
on the first pass against system assets [23:1-19]. For 
provisioning purposes it can be defined as the percentage 
of requisitions satisfied on the first pass against the 
ITIP. SMA can be expressed in either a range or depth 
measure. 

Range SMA, computed by dividing the number of 
requisitions satisfied from the IIP by the total number 
of requisitions received, shows how well the IIP satisfied 
customer’s documents. Since more than one item may be 
ordered on a document number there is a chance for a 
partial fill. To measure this, the depth SMA, which 
divides the number of parts satisfied from the IIP by 
the total demand for parts, is more appropriate. 

While SMA measures the gross range and depth of 
the ITIP, it does not include cost or essentiality meas- 
ures. Nor does SMA include time delays resulting from 
backorders, which may be significant. 

3. Backorder Percentage 

This can be computed in two ways. Either divide 
the number of backordered documents by the number of 
documents submitted or subtract the depth SMA from one. 
The backorder percentage shows a general measure of IIP 
failure and suffers the same drawbacks as the SMA measure. 

4. Average Days Delay for Delayed Requisitions 

ADDDR approximates the average number of days 

it takes for backorders to be filled [23:1-20]. It 
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indirectly measures how well the IIP provides supply 
support. To compute ADDDR divide MSRT by one minus the 
range SMA. ADDDR, like other supply performance measures, 
does not address cost or essentiality. 


5. Summary 
This section discussed provisioning MOEs in 
terms of supply performance. Mean Supply Response Time 


shows the average number of days needed to get parts, 
regardless of inclusion in the IIP. The Supply Material 
Availability shows a gross percentage of how well the 

ITIP matched up to actual demand. Its converse, percentage 
of backorders, gives a gross measure of the IIPs inade- 
quacy in the face of actual demand. Average Days Delay 
for Delayed Requisitions reflects the severity of the 
response time when the part was not in the IIP. 


D. COST MEASURES 

Another way to view provisioning effectiveness is 
through the eyes of Congress; namely, through cost related 
measures. These measures try to compare the investment, 
holding and obsolescence costs of parts to the conse- 
quences of not having the parts in the I[IIP. 

Determining the costs due the lack of parts in IIP 
is impossible. Though we know that for the want of a 
carburetor a jeep is lost, it is impossible to quantify 
the cost of not having that jeep on the battlefield. 
The cost would have to account for its mission, the 
intensity of need, the availability of other jeeps, and 
so on. Therefore, our focus is on more commensurable 
measures which deal with the costs of excess parts or 
backordering. 

ia Investment Costs 

The investment cost of the IIP is simply the 

fombarevalue Of all parts. Ideally, over the IIP support 
Giniempettod. al) demand is met by thegiIP and all IIP 
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stock is consumed. Rarely does the IIP correlate exactly 
with actual demand, thus, shortage and overage costs are 
incurred. The total IIP investment cost does provide a 
baseline figure to augment the measures discussed below. 
tae Order Costs 

When demanded parts are not available in the 
ITIP a shortage cost is incurred. The shortage cost 
consists of two parts, the cost of an inoperable system 
and the special order processing costs to backorder the 
part from the wholesale system. As stated earlier the 
dollar value of an inoperable weapon system will not be 
computed; insight into the severity of weapon system 
inoperability can be gained from the Np MOE discussed in 
section B above. The processing cost per order can be 
derived empirically or the USMC could use values similar 
to those used by the Navy or cited in DODI 4140.42 
[7:Encl.3]. Order costs include the administrative and 
processing costs incurred to order parts. The total order 
cost can be used to show an aggregate dollar value 
incurred over the specific [IP time period. 

This measure is similar to the backorder per- 
centage measure mentioned earlier. Though it might 
seem that we would want to minimize it, that is not so. 
Order costs should always be traded-off against the 
overage costs. 

3. Overage Costs 

An overage cost is incurred when there is no a 
demand for an IIP part. The total overage cost includes 
the cost of holding stock, the obsolescence costs, and 
the time value cost of the money that was invested in 
the stock. Holding costs include the warehousing, per- 
sonnel and materials handling incurred to keep inventory. 
Like the processing cost per order, the inventory holding 
rate should be derived empirically and set as a matter 
of policy. The Navy assumes it to be 21% for consumables 


28 


and 23% for reparables of the unit cost per year that 
the item is in inventory. DODI 4140.42 assumes a 20% 
inventory holding rate [7:Encl.3]. Overage costs can 
be divided by line items or the number of parts to compute 
anpratio measure. 

4. QOverage Percentage 

It might also prove useful to divide the dollar 
value of IIP excesses by the IIP investment cost. Such 
a percentage would give some perspective of the costs 
of excesses to the investment made in the inventory. 

9. summary 

The three general costs discussed in this section 
were the investment cost, the order cost and the overage 
cost. From this discussion four candidate measures 
emerged. The first was the IIP investment cost which 
is the dollar value of the IIP. The order cost included 
the administrative and processing costs to expedite a 
backorder to the wholesale level. The overage cost 
included inventory holding costs, obsolescence costs 
and the opportunity cost of money. Finally the overage 
cost percentage shows the cost of investing in parts 
that were not demanded relative to the IIP investment 
COSL. 

One drawback of the cost perspective is that it 
may cause too much attention on the costs of provisioning 
without equal attention to the benefits derived. The 
next set of MOEs will deal with the actual utility of 
Pree parts. 


peenooe NIT LTALITY MEASURES 
The measures discussed thus far do not address the 
difficult issue of whether the parts are critical? to the 


functioning of the weapon system. The weapon system 


3 For our purposes the terms essential and critical 
are synonymous. 
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readiness, supply performance, and cost MOEs focused on 
aggregates and percentages without regard for criticality 
of the parts. 

The measurement of repair part criticality is compli- 
cated. A 1982 General Accounting Office report stated 
that a DOD-wide criticality coding scheme does not exist, 
but that one should [24:1]. The Kiebler and Colaianni 
criticality coding scheme, sponsored by DOD, has not 
been adopted [25]. DOD has directed each military service 
to develop its own criticality coding scheme, however 
no explicit directive requires integration of these 
schemes. Thus, even if a coding scheme could be devel- 
oped, the problem of inter-service incompatibility would 
continue to exist; this incompatibility would severely 
impact upon the Marine Corps because many of its weapon 
systems are procured by other services. 

Incorporation of criticality indices has been demon- 
strated in the Richards and McMasters wholesale provi- 
sioning models of MSRT and SMA [22]. Therefore the afore- 
mentioned supply support and cost MOES could incorporate 
essentiality. Unfortunately, a linear model is required 
for the essentiality term in the reference [22] models. 
No such model has been developed as yet by any service. 
McMasters has therefore proposed that the MSRT, SMA and 
Cost MOEs presented earlier be used for each essentiality 
class. 

Information concerning the critical composition of 
the IIP is provided by the next four simple MOEs. For 
instance the ratio of critical line items, quantities 
or costs to the corresponding total IIP values all provide 
insight into how much of the TIP consists of eritical 
parts. Also a measure of the percentage of critical 
parts which compose IIP shortages would be useful. 

Since a comprehensive criticality scheme, such as 
the one proposed in reference [25], is not available 
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this paper resorts to the NMCS (Not Mission Capable, 
Supply) and the combat essentiality code data elements 
in current USMC automated files. FMF personnel assign 
an NMCS indicator when, in their judgment, the want of 
that part deadlines or severely degrades the operation 
of a readiness reportable weapon system. CEC codes are 
assigned by MCLBA personnel during the initial source 
coding of secondary items; a CEC code of 4 or 5 designates 
a secondary item as critical to the operation of its 
weapon system. Normally, but not always, NMCS indic- 
ators are assigned only to CEC 4 or 5 coded part 

Regu sitions. 


BD eeerwe NG “AND DEPTH MEASURES 

Initial issue provisioning can be categorized into 
range and depth decisions. Range is the choice of whether 
or not to include a part in the IIP. Depth is the choice 
of how many units of a part to include. The supply 
support MOEsS discussed earlier give some indication of 
IIP range and depth effectiveness. In this section a 
slightly different perspective to [IP range and depth 
is presented. 

One minus the ratio of the number of line items 
demanded to the total number of IIP line items would 
show the percentage of no-range demand. Substituting 
number of units demanded for line items and the total 
number of units of each item in the above ratio would 
show a percentage of no-depth demand. 

These simple measures give a general idea of the 
Vimeo r the LIP. They could be further subdivided 
into percentage NMCS of range and depth to examine the 
iemmenverot Critical parts in the IIP. 
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G. SUMMARY 


This chapter discussed five general categories of 
provisioning measures of effectiveness: weapon system 
readiness, supply support, cost, essentiality, and range 
and depth. While no MOE satisfies all five criteria, 
Congress and DOD prefer measures that relate resources 
(i.e.,total investment) to readiness. 

In keeping with the overriding objectives of SIWSM 
and the USMC Provisioning Manual all MOES should be 
computed by individual weapon systems. Table I sum- 
marizes the candidate measures. 
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Taebe 1 


eV OIT DATES VEASURES GFP EFFECTIVENESS 


READINESS 


Weapon System Availability (Ao) 


2. Non-availability, Provisioning (Np) 
3. LM2 Percentage 
4. Component Availability (Ao(Si)) 
Seek SurPPORT 
1. Mean Supply Response Time (MSRT) 
2. Supply Material Availability (SMA) 
3. Backorder Percentage (BO%@) 
4. ‘verage Days Delay for Delayed Requisition 
( ADDDR ) 
COST 
1. Investment Cost 
Ee order Cost 
3. Overage Cost 
4. Overage Percentage 
Boomne LALIT Y 
ip ereticaleeerp; Range 
Coe Teed) lir.. vepen 
ooerivicalewelte, Dollar Value 
Ae erbtieal Lip, shortage 
RANGE AND DEPTH 
1. Percentage No-Range Depth 
2. Percentage No-Depth Demand 
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IV. PROVISIONING DATA ELEMENTS 


This chapter explores the data elements necessary for 
automated computation of the MOES presented in the pre- 
vious chapter. It begins by analyzing data elements 
resident in USMC automated files. For deficiencies 
identified, proposals for refinement of existing ele- 
ments or creation of new data elements are presented. 
Appendices B, C, D and E are a compendium of this chapter. 


A. READINESS DATA 
1. Weapon System Availability 
For weapon system availability it will be useful 
to compute two numbers, operational availability (Ao) and 
the percentage of nonavailability due to lack of parts 
(Np). Np is the difference between Ao and inherent 
availability (Ai)- The relevant formulas are: 


Ao = MTBF Ci 
MTBF + MTTR F+ MSRT 

Ai = MTBF (20 
MTBF + MTTR 

Np = Ao - Ai (3) 


MTBF and MTTR represent reliability and maintainability 
measures determined by system engineering design decisions 
and are thus beyond the control of the provisioner. MSRT 
is chosen as a surrogate measure of mean logistic delay 
time (MLDT) for two reasons. First, because it depicts 

a measure related to the inventory of repair parts. 

Next, it is easier to calculate the MSRT. 
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a. Mean Time Between Failure 
The Marine Corps Integrated Maintenance 
Management System (MIMMS) defines MTBF as the average 
equipment operation between equipment failures [26:A- 
14]. Equipment operation is expressed by the equipment 
operating time code (EOTC) which can be in units of 


days, hours, rounds or miles depending on the type of 
equipment involved. 


MTBF = Sum of EOT Be 

“NUMbDEY Of Fa 
Even if EOTC values are in rounds or miles, the MTBF 
must be in units of time to be compatible with MTTR and 
MSRT. Two remedies are offered. First, an MTBF ex- 
Pressed in miles comida be converted to time units by 
use of a conversion factor, say, 42 miles per day for 
example?®. Thus an MTBF of 6000 miles would be equivalent 
to an MTBF of 142.86 days which could then be commensurate 
with MITR and MSRT. This approach is sensitive to the 
choice of a conversion factor, which should be derived 
empirically for each case when the EOTC is not in time 
Uneaec S 

A different approach computes MTBF in days, 

not in hours, miles or rounds and uses other data resident 
in the MIMMS/AIS ERO History File: 


MTBF = Sum of (DCD - ERO CLOS DATEiI 2) 
See ooo eee eR bos AT EL) uo 


For each deadlined equipment repair order (ERO)° the 


2 This is an arbitrarily chosen factor based on 
the rough estimate that a truck averages 15000 miles Con 
year. 15000 miles/365 days is about 42 miles per day). 


2, The ERO is the standard maintenance work order 
document to record all required maintenance information 
and authorize the rede SMT MMe / Re Ot peraese Data from 
the ERO is entered into MIMMS/AIS. AA SG code of 
M or P designates a weapon system as deadlined. 
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deadline control date (DCD) is compared to the date the 
previously deadlined ERO (for the same serial number) was 
taken off deadline status. The ERO date is computed by 
adding the actual number of days deadlined (DDL) to the 
original DCD. 

The maintenance history of an M60 machine gun 
provides an example. Its most recent DCD was julian 
date® 7300. A look at the previous deadlined ERO for 
this machine gun reveals a DCD of 7050 and the number 
of DDL as 25. So to find the time between failure (TBF) 
the equation would be 7300 - (7050 + 25) which results 
in a TBF of 225 days. Sum the TBFs for all instances 
of failure and all serial numbers. The average of these 
values would be the MTBF. 

To compute MTBF using either equation (4) or 
(5) simply sum the times between failure, then divide 
by the actual number of failures (deadlined EROs). 
Formula (5) uses data available in MIMMS/AIS, but does 
not account for actual usage (i.e., number of rounds 
fired) of a weapon system. Thus, either method chosen 
to compute MTBF will be an approximation. The first is 
sensitive to the choice of a conversion factor, while 
the second is sensitive to usage variation. 

By definition, MTBF is concerned with failure 
actions and accounts only for unscheduled corrective 
maintenance. It will be used for both the Ao and the 
Ai availability measures. 

All data elements required for computation 
of MTBF are in the ERO History File and include: 


CAT CD DDL DCD 
EOTC ERO CLOS DATE ERO_NR 
1D) Nis SER -NR 7~— 

6. The julian date is a four-digit number which 
expresses the ee and the day_of the year. For instance 
rsa ee sal 23, 1987 would be_a julian date of 7023, showing 
it as the 23rd day of 1987. 
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The computations include: 


Sum of EOT between failures (EOTBF). 

ath toee o Eo Tak the conversion constant. 
Coun Deadlin se EROs (Cat Code = either M 
or P with a DCD 


Divide ee nod ct from step 2 b 
of step (MTB FE). p Veeume result 


H GOOF 


peo loan Sebne sto Repalr 
MIMMS defines the mean time to repair as 
the average number of maintenance man-hours expended in 


repalring an item which requires corrective maintenance 
(CM) [26:A-14]. 


MTTR = Sum _ of CM Man-Hours (6) 
™G me A.C:. logrcn lume 


This formula computes a result in time units, but it 
Powembcminaccurate due to the méthod of calculating CM 
man-hours. The ERO history file can only store three 
maintenance actions (by defect code (DEF_CD) and asso- 
ciated military labor hours (MIL_LAB_HRS)) for each 
BRO. Current procedures permit non-critical and pre- 
ventive maintenance accomplishments to appear on the 
same ERO. Also, more than three maintenance actions 
can be recorded on the paper ERO. So, to accurately 
compute MTTR, a coding scheme would have to link specific 
defect codes with CM. No such scheme now exists. A 
revised formula is therefore proposed to compute an 
approximate MITITR: 


MTTR = SUM oe MIL-LAB-HRS (27) 
24—*~(# D@ad1liréd EROS ) 


This measure may include some preventive maintenance 

liag@meneurs. However, it is felt that they will be insig- 

nificant so this approximation should meet our purpose. 
The computations for formula (7) require 

counting the number of deadlined EROS for a specific 

Item Designator Number CLDENR® to provide the denominator. 
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An ID_NR uniquely identifies a particular type of weapon 
system. The numerator is the sum of the military labor 
hours. The constant 24 converts the hour measure into 
days. Inherent availability, Ai, can now be computed 
using the MTBF and MTTR values in formula (2). 
All data elements needed to compute MTTR 

reside in the ERO History File: 

MIL-LAB HRS "ager 1 D_NE 
The computational steps are: 
Sum MIL LAB HRS for all deadlined EROs. 
BT Vide the pecuiteoesteo GMMeche neste of 


step ‘ 
Divide the result of step 3 by 24 to convert MTTR 
to a day value. 


= wore 


c. Mean Supply Response Time 

To compute the denominator of operational 
availability, Ao, the mean logistic delay time (MLDT) 
must be computed. As stated earlier, MLDT involves all 
the delays that inhibit equipment operation due to lack 
of resources. Only one resource, repair parts, is of 
interest here. Hence MSRT is chosen as a surrogate for 
MLDT. Neither MLDT nor MSRT is defined in MIMMS. A 
review of MIMMS data elements suggests two possible 
approaches to compute MSRT. The first divides the total 
time that an ERO was awaiting parts by the number of 
deadlined EROs. 


MSRT = Sth of Days SHT PRTS (8 ) 
—~#~D@adlinéd” EROS” — 


The deadlined ERO count is the same number used in the 
MTBF and MTTR computations. To compute the number of 
days short parts subtract the julian date the ERO was 
placed in a SHT _PRTS status from the julian date of the 
subsequent job status for that ERO. 

For example, if an ERO was placed ina short 
parts status on julian date 7200 and the julian date of 
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the next job status was 7225, then the number of days 
Pama sort parts Status for sthis, ERO would be 25 days. 
Sum these values to arrive at the numerator. 

Formula (8) gives a worst case value because 
it includes both the administrative processing time as 
well as the longest delay for any part. Suppose 10 
poieeomewere Orderedwandes arrived in 3 days but the other 
part arrived in 30 days. Then the number days ina 
SHT_PRTS status for that ERO would be at least 30 days 
even though most parts arrived in less than 30 days. 

A second method of computing MSRT determines 
the average requisition response time. Two files, the 
provisioning file and the ERO/DOC file, must be created. 
THe paaevyisioning file provides a baseline list of IIP 
parts information while the ERO/DOC file contains the 
actual parts demand history over the IIP time period’. 

Since IIP parts information is not now resi- 
dent in MIMMS or SASSY files, the provisioning file 
would have to be constructed from a weapon system’s 
Initial Issue Control File which is described in reference 
(3]. The provisioning file will contain only the CEC 
code, ID number, national stock number (NSN), quantity 
and unit price (U/P). 

Parts demand history from the MIMMS/AIS 
Document Status file is needed next. A sub-file, the 
ERO/DOC File, must be created which will first separate 
all deadiined EROs by ID_NR of interest. The ERO numbers 
Oumciis file are then matched to the ERO numbers of the 
Document Status File. This results ina list of all 
document numbers for EROs for a particular weapon system. 
Lomeiatme tiat Only [IP parts are used in computations, 
include only the document numbers of those actual demand 


EN 


national stock numbers (NSNa) which match a provisioning 
list national stock number (NSNp). 


MSRT = Sum of (RCVD BE =O Cm A Ls 9 
—— TOtal #4 Document gPATE) 9) 


For each document number, subtract the date the parts 
were ordered (DOC_DATE) from the date the parts were 
received (RCVD_ DATE) by the using unit. Sum these differ- 
ences to get a numerator called the total supply response 
time (TSRT). Count the documents to arrive at the 
denominator. Thus MSRT is the average time delay awaiting 
parts for deadlined weapon systems. 

Two files are needed for these computations: 


ERO/DOC file 
Provisioning file 


The data elements needed to generate MSRT are: 


DOC_DATE DOC _NR ERO NR 
ID NR NSN- RCVD_DATE 


The computational steps are: 
ee Include only document numbers for which NSNa = NSNp. 
Subtract DOC DATE from ae DATE: 
Sum the dif f€rences invstepuZ2 ster vetelonl. 
Bi vide TSRE be thes nub gen decumeneee 

MSRT is the final value needed to compute 
Operational availability, Ao, using formula (1). Ao 
will be MOE 1.1. Another MOE, formula (3), represents 
the percentage of weapon system non-availability due to 
the wait for repair parts (Np). Np will be MOE 1.2. 

2a. Liicereadiness 
The USMC uses the Marine Automated Readiness Eval- 

uation System to assess equipment readiness. MARES is 
a weekly snapshot of the deadline rate and includes 
only Marine Corps Bulletin 3000 designated items [27]. 
It is therefore a subset of the ERO History file. Since 


only some, not all, new weapon systems are tracked, the 


Oi G00 


LM2 measure is insufficient fomeur  ourposes. Note, 
however, that the LM2 algorithm to compute readiness 
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could be modified to include category code P EROs: in 
that case it would then approximate the Ao measure dis- 
cussed earlier as it would include all new weapon systems. 

It would not be possible to produce a measure 
Similar to Np because LM2 data cannot compute specific 
MTBF, MTTR or MSRT measures. Therefore the Ao and Np 
measures are preferred. 

3. Parts Availability 

The parts availability measure Ao(Si) is of 
limited utility because current databases are not de- 
signed to capture pertinent data. Actual part failure 
data is needed to compute this measure. Under current 
procedures some parts are replaced before they fail, 
other parts may fail but not degrade weapon system avail- 
ability and so are not replaced immediately. Further, 
an MSRT for each reparable can not be measured because 
demand for reparables is not traceable to a specific 
weapon system (for example, an alternator may be common 
to a whole fleet of motor vehicles). Due to the extreme 
difficulty in developing data for this measure it will 
Note be further considered. 

4. summary 

Weapon system readiness measures, Ao and Np, can 
be implemented with existing data and minor procedural 
changes in MIMMS/AIS files. The LM2/MARES measure could 
also be used but needs a minor modification to include 
all new weapon systems. Finally, the parts availability 
model would require new data elements and the associated 


CGOMmvectioOm Procedures. 


Bese SUPPORT DATA 


1. Mean Supply Response Time 
The MSRT discussed earlier is a good starting 
point for a gross supply support measure. It can be 


further subdivided into more specific measures. 
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First, it can be segregated into an MSRT for 
consumables and an MSRT for reparables. To do this 
sort the ERO/DOC file by advice code (ADV_CD). Put all 
documents with an advice code of 2_ into a separate 
sub-file (ERO/DOC/CON file) for consumables, and put 
all documents with an advice code of F_ into the ERO/- 
DOC/REP sub-file for reparables. Then compute an MSRT 
for each sub-file. The computational steps for MSRT 
will be the same as in formula (9), but two other sub- 
files must be substituted for the ERO/DOC file: 


ERO/DOC/CON file 
ERO/DOC/REP file 


In addition to the data elements for MSRT cited above, 
one more is needed: 


ADV_CD 
The numbering for MOEs will be: 
MOE 2.1a Total MSRT veer ty 


MOE 2.1b Consumable MSRT MRS } 
MOE asec Reparable MSRT MSRTr 


supply Material Availability 

The supply material availability measure compares 
the provisioning file to one of the ERO/DOC files. 

First, a total SMA would be desirable, then a breakdown 
by consumables and reparables would be appropriate. 


0O 


Each category could be further subdivided into range 
and depth measures. 

First, compare the provisioning list to the 
ERO/DOC file to find every national stock number match 
between the provisioning list (NSNp) and the actual 
demand (NSNa) for the IIP time period. This number 


will be the numerator. The denominator is the count of 
NSONa- 
SMA ,r = Total oe Match ( 120) 
7 ~C6Unt of=NoNa 


The same steps could be performed using the ERO/DOC/CON 
and ERO/DOC/REP sub-file instead of the ERO/DOC file. 
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The "_" after the SMA in the above formula denotes that 
a total, consumable or reparable SMA can be computed. 
Thus the range SMA could be sub-divided out into a con- 
sumable and a reparable measure (SMAc,r and SMAr,r). 


A depth SMA necessitates a more elaborate proce- 


dure. The formula is shown below. 
SMA ,d = # ue Supplied tee eal 
= Totst uantit ty Den éd rae 


First, sort the ERO/DOC file by NSN. If an NSN appears 
more than once the quantities must then be summed to 
create a new ERO/DOC/SUM file. This file will then be 
compared to the provisioning file. Regardless of whether 
there is an NSN match or not, subtract the provisioning 
list quantity (Qp) from the actual quantity demanded (Qa) 
for each NSN of actual demand. Call this number Qap. 
Sum all Qap where Qap > 0 and call this total depth 
shortages. Sum all Qa and call this the total quantity 
demanded. Subtract the total depth shortages from the 
total quantity demanded to find the # depth supplied 
IIP, the numerator. To find SMA, divide the # depth 
Suppl led Lir by the total quantity demanded. Substitution 
of consumable or reparable sub-files results in an SMA 
consumable or reparable depth measure. 

The numbering for SMA MOEs is: 


MOE 2.2a Total SMA Range (SMA a 

MOE 2.2b Total SMA Dee ee SMAt ,d 

MOE 2.2c Consumable S Rang SMAc,r ) 
MOE 2.2d Consumable SMA Depth SMAc ,d) 
MOE 2.2e Reparable SMA Range rar 
MOE 2.2f Reparable SMA Depth SMAr ,d 


The additional data element needed is: OTY 


The files needed to compute these measures are: 


Or mm mim 
3 DAADAAA 
0 O0O0000 
cL 
H-Sowwee 
nN OOOO0OO 
ROAMAMAMIMAOA 


oo—_~~"~">~"~"> 
3 MANDA 
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Each MOE will produce a value between O and 1 with an 
SMA value of 1 indicating all demands were satisfied 
from-by vieiey 
Be Backorder™Percentare 
The backorder percentage, which can be computed 
by subtracting any of the depth SMA percentages from 
1, will be called MOE 2.3. 
4. ADDDR 
Average Days Delay for Delayed Requisitions is 
computed by dividing the MSRT by one minus the total 
range SMA. ADDDR will be MOE 2.4. 
ae Summary 
This section resulted in four generic supply 
support MOEsS. The MSRT and the SMA were sub-divided 
into total, consumable and reparable measures. The 
backorder percentage and the ADDDR used results from 
MSRT and SMA calculations. 


C. COST DATA 
ce Investment Cost 
The total investment cost is the total IIP dollar 
value. Using the data from the provisioning file, multi- 
ply each Op by the unit price andveawetnice ep. oun 
all PQp to arrive at the investment cost. Even though 
money spent for parts may not equate to effectiveness 
achieved, for purposes of consistency the investment 
cost will be called MOE 3.17. 
2. Ordenrmeest 
Determination of an order cost begins with a 
comparison of actual parts demanded to the IIP depth. 
First execute the same procedures discussed in the depth 
computation of the SMA MOE; that is, subtract the pro- 
Visioned quantity from the actual quantity demanded to 
get a Qap value. This value would be greater than 0 


when the IIP quantity was less than the actual quantity 
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demanded (shortage) and less than 0 when the IIP quan- 
tity was in excess of actual demand (overage). For 
Shortages, parts would have to be backordered and a 
special backorder cost per order would be used to compute 
an order processing cost. This standard cost would 
have to be incorporated into the software program that 
computes provisioning effectiveness. Multiply the cost 
Pereorder by the number of parts (sum of all Qp for Qp 
>» 0) to arrive at an order cost for the weapon system. 
tiis will be MOE. 3.2. 

See Uveraze Cost 

To compute the overage cost, include only NSNs 
for which Qap < 0. These represent the excess parts at 
the end of the IIP time period. For each part, add the 
investment cost (PQp) to the absolute value of the excess 
parts dollar value (PQap); divide this sum by 2 to arrive 
at an average dollar value of inventory (PQi) for the 
Pe werme period. Sum all POQi to arrive at the average 
COmetmevaluecwor the entire TIP tor the [IP time period. 

Multiply the sum of all PQi by the inventory 
holding rate (K2) and by the IIP time period to arrive 
at the overage cost. The inventory holding rate, like 
the backorder cost per order, would be contained in the 
software program that computes provisioning effective- 
ness. The overage cost is MOE 3.3. 

It should be obvious that both the order and 
overage MOE could be further separated into MOESs for 
consumables or for reparables although these were not 
mentioned in Chapter III. 

Me Overage Percentage 

To evaluate the impact of slow movers compare 
the investment cost of excess parts to the IIP invest- 
ment cost. To accomplish MOE 3.4 divide the dollar 
value of the parts remaining in the IIP (the absolute 
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value of PQap for all PQap < 0) by the total investment 
cost. 


oe Summary 
The four MOES discussed in this section are: 


MOE “S".1 Investment Gost 
MOE 3.2 Order Cosé 
MOE 3.3 Overage Cost 
MOE 3.4 Overage Percentage 
Cost computations require these additional data elements: 
U/ 


P 
Cost per Order er) 
Inventory Holding Rate (K2) 


The files needed for the computations are: 


MnO) DOG fallne 
Provistoming fite 


Two reminders are warranted. Both the order cost the 
overage cost are sensitive to the constants chosen; 
they should therefore be derived from empirical data. 
Finally, the cost measures cited show only the dollar 
cost associated with expedited backordering and holding 


of inventory, not the costs of inoperable weapon systems. 


D. ESSENTIALITY DATA 

The goal of a essentiality measure is to focus atten- 
tion on those parts that render a weapon system inoper- 
able. It is therefore a subset of parts files discussed 
thus far. A key to computation is te@™=accurately de tee 
a way to sort the provisioning file or one of the ERO/DOC 
files into sub-files that contain only critical parts. 
From the provisioning file the combat essentiality code 
(CEC) could be used. This presumes, of course, that 
the codes have been assigned accurately (which may not 
be the case, as was observed in references [4], [13] and 
(Pate): 

The CEC is not included in a parts document number. 
So the ERO/DOC files must be sorted to include only 
documents with a NMCS indicator of N or 9. An NMCS 
indicator is assigned by FMF maintenance personnel to 
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highlight those parts that deadline a weapon system. 
This designation need not be limited to CEC critical 
parts, so there is a possibility of data inconsistency. 

Using CECs and NMCS indicators, sub-files can be 
created to compute any of the aforementioned MSRT, SMA 
SecosteiO0LS "LOrseritical parts. The computations would 
be identical, but the files would include only parts 
aqesignated as critical. 

Four other measures may be useful to evaluate the 
Leb eoae terticmomecritrcarilty. © ihe first is thesmatio of 
critical IIP range to the total IIP range. Next would 
be the ratio of critical IIP depth to total IIP depth. 

A third would be a ratio of the dollar value of IIP 
Swmerical parts to the total dollar value of the LIP. 
Only the PROV/CRIT sub-file is needed for these MOEs. 

A fourth measure suggested is the ratio of the quan- 
Maeveor Critical ffP shortages to the total quantity of 
IIP shortages. This compares the provisioning and ERO/DOC 
critical sub-files using the steps cited in formula (10) 
Carine rt. 

biesultmarys tour essentiality MIOES were presented: 
OF 4.1 Percentage IIP Critical, Range 
DE 4:3 Percentage [iP Critical, Dollar Value 
OF 4.4 Percentage IIP Critical, shortages 


Two additional data elements required for these compu- 
tatrens are: 


- 


255 


+ 


CEC NMCS 
The files needed to compute these MOEs: 


poo DOC CRI file 
PROV/CRIT file 


E. RANGE AND DEPTH DATA 

The MSRT and SMA measures reflect range and depth 
impacts, however it could prove useful to view range 
and depth in other ways. 

One might be to show the IIP range that was not 
demanded. To do this count all NSNs on the provisioning 
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listewhich do not match any ERO/DOCGCMieeNSN. 9Thdicmic 
the numerator and will be called no-demand, range. The 
denominator would be a count of NSNp. This MOE shows 
the percentage of no-demand, range. 

To find the same type of measure regarding depth, 
sum the quantities of all items where the Qap > 0 to 
get the numerator. Divide this amount by the sum of 
all Qp to arrive at the percentage of no-demand, depth. 

The two range and depth MOES are: 


MOE 5.1 Percentage No-Demand, Range 
MOE 5.2 Percentage No-Demand, Depth 


No additional data elements are needed to compute these 
MOEs. The files required are: 


ERO/DOC file 
Provisioning File 


F. SUMMARY 

Candidate measures of effectiveness were analyzed 
for practical implementation by examining the availability 
and appropriateness of data elements resident in USMC 
maintenance and supply files. Table 2 summarizes the 
23 MOEs which are feasible to compute and therefore 
desired for implementation. 
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TAB WE 2 


Puro Sev evMEASURES JOP SERRE CTIVENESS 


READINESS 
1.1 Weapon pyscem Availability AD) 
1.2 Non-availability, Provisioning (Np) 


Swe Ly SUPPORT 








2.l1a Total Mean Suppl Response Time (MSRTt) 
2.1b Consumable MS {uSpt ‘ 
2.1c Reparable MSRT (M Rir ) 
2.2a Total SMA, Range (SMAt,r) 
2.2b Total SMA, Depth SMAt,d) 
2.2c Consumable SMA, Range SNES 
2.2d Consumable SMA, Depth (SMAc, 
2.2@ Reparable SMA, Range NDE als 
2.2f Reparable SMA, Depth sae »d 
eso —eBackorder Percentage (BO ) 
2.4 ex5baS Days Delay for Delayed Requisitions 
ADDD 5 
COST 
ee Investment Cost 
3.2 Order Cost 
3.3 OQOverage Cost 
3.4 Overage Percentage 
ESSENTIALITY 
iwieeeeercentage JIP Critical, Range 
iaemererocentame TIP Critical, Depth 
4.3 Percentage IIP Critical, Dollar Value 
4.4 Percentage IIP Critical, Shortages 


RANGE AND DEPTH 


5.1 Percentage No-Demand, Range 
5.2 Percentage No-Demand, Depth 
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V. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
A. SUMMARY 

several alternative criteria and MOEs regarding the 
USMC provisioning effort were investigated. Twenty-three 
specific measures of effectiveness resulted from this 
thesis. 

A review of DOD and USMC directives establish the 
goals of provisioning, policy guidance and general back- 
ground information. The responsibilities of HQMC, MCLBA 
and the FMF were outlined and the pertinent aspects of 
the MCLBA WS/AIS development effort were described. 

Five general categories of MOES were presented. 
several possible candidate concepts were reviewed and 
the relative merits of each were analyzed. Particularly 
problematic and confounding areas received special em- 
phasis. An initial list of desirable MOES was produced. 

The practical implementation of MOES was considered 
by defining the data elements and the sub-files needed 
for computation. Using USMC automated maintenance and 
supply files as a starting point, data elements were 
identified, modified and manipulated. The resulting 
list furnishes a basis for immediate MOE implementation 
at a reasonable cost. 

Appendices B, C, D and E condense the significant 
results of the thesis. All data elements are defined, 
proposed sub-files are described, and an MOE/data element 
Matrix Ls presen ved: 


B. CONCLUSIONS 

CMC has directed the MCLBA to implement a provisioning 
effectiveness evaluation system. Given this edict, 
MCLBA must opt for the best implementation approach as 
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well as determine specific measures. To contribute to 
tis) €liOmie themiollowing comelusions are offered: 


i 


Five generic categories emerge as desirable provi- 
Ssioning objectives: weapon system readiness, supply 
Support, cost, essentiality and range and depth. 

No category or specific MOE is fault free. All 
have merits and drawbacks. Therefore, consideration 
must be given to whose information needs can best 
be met by implementing any of the stated MOEs. 

The weapon system readiness measures, Ao and Np, 
are the only MOES that relate provisioning to 
availability. Despite its perceived desirability 
as a resources to readiness metric, the connection 
is weak at best. A further disadvantage accrues 

in that data elements now resident in USMC computer 
files must be modified to accommodate these MOEs. 
The two supply support measures, MSRT and SMA, 
pertain more directly to provisioning effectiveness. 
MSRT demonstrates supply responsiveness while 
proposed SMAs give various batting averages of 

ITIP performance. These measures can be computed 
from current data elements and files, but no direct 
relationship to readiness can be ascribed to SMA. 
Cost MOEs put a dollar value on IIP shortfalls 

and excesses. The investment cost shows the IIP 
dollar value. The order cost puts a value on 
expedited backorders and should include the cost 

of inoperable weapon systems. However, this latter 
cost is impossible to determine. Inventory holding 
costs are an integral part of the overage cost 

MOE. Finally, the overage percentage depicts the 
ratio the of dollar value of excess to total the 
investment cost. 

MOEs involving essentiality are almost as important 


as the readiness measures. MSRT and SMA measures 


o1 


C 


could be of even greater usefulness if they in- 
cluded only the critical repair parts that render 
a weapon system inoperable. The main drawback of 
current essentiality measures is suspect data 
integrity because of the methodology of CEC and 
NMCS indicator assignment. 

Range and depth MOEsS show IIP ineffectiveness. 
They may provide useful data to meet headquarters 
reporting requirements, but are of questionable 
value as feedback .to provisioners. 


RECOMMENDATIONS 


This thesis examined but one part of a large, complex 


provisioning endeavor. Three further areas for research 
and action have emerged from this study. 


ie 


The DOD SIWSM guide, a fertile repository for 
logistic research and development, directs far- 
reaching conceptual changes to USMC management 


and reporting systems. Two particularly problem- 
atic issues encountered, and encompassed in SIWSM, 
deserve further research. First, weapon system 


availability measures should be refined to isolate 
the contribution of resource support (i.e., repair 
parts) to readiness. Secondly, quantifying the 
cost of an inoperable weapon system would serve 
not only to improve the shortage cost MOE, but 
also would provide better estimates of the risk 

of shortages (i.e. the lambda parameter of the 
COSDIF model [7: Encl. 3]) for provisioning fore- 
casting models. 

The complexity of data relationships needed for 
the MOE computation requires considerable file 


processing time. Therefore, as it relates to this 
subject matter, a relational database with simple 
query procedures better suits the task. As such, 
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[tnls Sresenctequassan Important alternative to 
consider for WS/AIS system development. 

eeeeaenext logical stem and possible thesis topic, 
is to design a relational database and the cor- 
responding software which provide output reports 
to implement the aforementioned MOEs. 


Implementation of MOEsS is another step toward improve- 
ment of USMC provisioning policy. Since these MOEs are 
after-the-fact, it will be too late to affect the initial 
repair part provisioning for the evaluated weapon system. 
Thus, the lessons learned from MOEs will have to be 
applied to new weapon systems. Ultimately, the best 
MOE should be utilized as the objective function for 
Marine Corps provisioning forecasting models. Operations 
research optimization techniques, similar to those in 
reference [22], can then be used to determine both the 
range and depth of IIPs. 
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ADDDR 
Ai 
AIS 
Ao 

BO 
CEE 
CM 
CMC 
DCD 
DDL 
DOD 
EOme 
ERO 
FMF 
GOL 
HOMC 
ID 
IIP 
LSA 
MARES 
MCLBA 
MIMMS 
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AI IE O88 
MOE 
MSRT 
Vii 
MTTR 


APPENDIX A 


GLOSSARY OF ACRONYMS 


Average Days Delay for Delayed Requisitions 
Inherent Availability 

Automated Information System 

Operational Availability 

Backorder 

Combat Essentiality Code 

Corrective Maintenance 

Commandant of the Marine Corps 

Deadline Control Date 

Days Deadlined 

Department of Defense 

Equipment Operating Time Code 

Equipment Repair Order 

Fleet Marine Force 

Garrison Operating Level 

Headquarters Marine Corps 

Item Designator 

Initial Issue Provisioning 

Logistic Support Analysis 

Marine Automated Readiness Evaluation System 
Marine Corps Logistics Base, Albany, Georgia 
Marine Corps Integrated Maintenance Management 
System 

Marine Corps Standard Supply System 

Mean Logistic Delay Time 

Measure of Effectiveness 

Mean Supply Response Time 

Mean Time Between Failure 

Mean Time to Repair 
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MUMMS 
NMCS 


5 


Np 
NSN 
NSO 
OST 
BCL! 
PTD 
PWR 
SIWSM 
SMA 
USMC 
Wee 


Marine Corps Unified Materiel Management System 
Not Mission Capable, Supply 
Non-availability due to provisioning 
National Stock Number 

Numeric Stockage Objective 

Order and Ship Time 

Procurement Leadtime 

Provisioning Technical Documentation 
Pre-positioned War Reserve 

secondary Item Weapon System Management 
Supply Materiel Availability 

United States Marine Corps 

Unite r 1 ce 
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APPENDIX B 
DATA DEFINITIONS 


The following is an alphabetical list of the data 
elements needed to compute the proposed MOEs. An asterisk 
indicates a data element not now resident in USMC files. 
Refer to the numbering in Appendix C to cross-index the 
data elements with the files where used. 


1. Advice Code 
ACRONYM: ADV_CD 
FORMAT: alpha-numeric 
LENGTH: 2 
FILES WHERE USED: 445-7 ,3 
DESCRIPTION: <A two-digit code assigned by the 
originator to request supply action be taken by 
the processing point. 


on Category Code 
ACRONYM: CAT CD 


FORMAT: alpha-numeric 

LEN Gagne ee 

FILE WHERE USED: 1 

DESCRIPTION: A one character code which iden- 


tifies the type of equipment and criticality of 
Lepan ke 
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Homoak Essential imay Code 
ACRONYM: CEC 


FORMAT: alpha-numeric 

PRNIGGH: 1 

Pee. WHERE USED: ol 

DESCRIPTION: A one-digit code which designates 
the criticality of the part to its weapon system. 


vost per Order* 

ACRONYM: Ki 

FORMAT: dollar 

CENMGTH: 6 

FILES WHERE USED: Not part of a file per se, 

but used for shortage cost computations. Must 

be included in software to compute order cost MOE. 
DESCRIPTION: A dollar value which denotes an 
average processing cost for each backorder 
document. 


Days Deadlined 
ACRONYM: DDL 


Homie: numeric 

Pe vGhh: 3 

Ditto waie ss USED: 1 

DESCRIPTION: The total number of days that a weapon 
system was reported inoperable (deadlined). 


Deadline Control Date 

ACRONYM: DCD 

FORMAT: julian date 

LENGTH: 4 

Probe WwHeRE USED: 1 

DESCRIPTION: The date the weapon system was 
reported inoperable. 


a 


Defect Code 

ACRONYM: DEF_CD 

FORMAT: alpha-numeric 

BENGE: 

FILE WHERE USED 1 

DESCRIPTION: <A threewecharacter “codeuwto Tdentt:y 
specific problems for equipment inducted for repair. 
The first position identifies the major sub-system 
involved, the other two positions relate to the 
specific defect. 


Document Date 

ACRONYM: DOC_DATE 

FORMAT: julian date 

LENGTH: 4 

FILES WHERE USED: 2 through 9 

DESCRIPTION: The date the requisition was entered 
into the supply system. Contained within the 

5th through 8th digit of the document number. 


Document Number 

ACRONYM: DOC_NR 

FORMAT: alpha-numeric 

LENGTH: 14 

FILES WHERE USED: 2 throughs? 

DESCRIPTION: A unique code to identify a req- 
uisition during the entire supply processing 
cycle. Consists of the requisitioner’s accounting 
number, julian date (see DOC_DATE), and a unique 
serial number. 
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ILO) 


el. 


ila 


1k Sie 


Equipment Operating Time Code 
ACRONYM: BOrc 


FORMAT: alpha-numeric 

PONGirH: 1 

Pree WHERE USED =e! 

DESCRIPTION: A one character code to indicate 
whether units of operation is measured in days, 
nemrs, miles, or rounds. 


Equipment Repair Order Number 
ACRONYM: ERO_NR 


FORMAT: alpha-numeric 

BENGTH: 5 

Pee vow ERE USED: 1 throwgeh 9 

DESCREPTTON:  AWunique, fime character code assign- 
ed to a work request to identify the cost of main- 
Eenance perniormed. 


ERO Close Status Date 

ACRONYM: ERO CLOS 

FORMAT: julian date 

LENGTH: 4 

Far. WHE RE.USED: 1 

Door tPTION: The date the ERO was terminated. 


hisenuony Holding: Rate* 
ACRONY®M: K2 


FORMAT: percentage 


PeNGtH: 2 
Fij@e@e WHERE USED: §Net part of a file per se, 
but used for overage cost computations. Must 


be included in software to compute either of 
the overage cost MOEs. 
DESCRIPTION: A value between O and 1 to denote 


anmeecost Of holding inventory over a year. 
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14. 


Ig) = 


Lo. 


ie ee 


Item Designator Number 
ACRONYM: ID-NR 


FORMAT: alpha-numeric 

LENG@E:; 6 

FILES WHERE USED: 1 through 11 

DESCRIPTION: A number which uniquely identifies 
any weapon system (i.e., all M60 tanks). 


Job Status Code 

ACRONYM: JOB _STAT 

FORMAT: alpha-numeric 

LENG: 02 

FILE WHERE USED: 3 

DESCRIPTION: A code which to describes the 
status of equipment undergoing repair. 


Military Labor Hours 
ACRONYM: MIL_LAB_ HRS 


FORMAT: numeric 

LENGTH: 4 

FIER SWHERE (USED) = 1 

DESCRIPTION: The accumulated hours incurred 

for the repair of a weapon system. Includes 
both direct maintenance and shop overhead hours. 


National Stock Number 


ACRONYM: NSN, NSNa, NSNp 

FORMAT: alpha-numeric 

LENGTH: 13 

FILES WHERE USED: 2 throwgh 11 

DESCRIPTION: The stock number to uniquely iden- 
tify all parts in the DOD supply system, This 
thesis used the abbreviations NSNa for actual 
demand and NSNp for provisioned repair parts. 
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cS) 


oe 


ou. 


Zl. 


Not Mission Capable Supply 
ACRONYM: NMCS 


FORMAT: alpha-numeric 

BeNGTH so 1 

Pree os WHERE USER. 2 jeerand —9 

DESCRIPTION: A material condition indicating a 


weapon system is deadlined or degraded due to supply 
shortage. 


Quantity 
ACRONYM: QTY, Qa, Qp 


FORMAT: numeric 

BENGIH: 32 

Pee oon Re Usk ss) 25 3 and 6 through 11 
DESCRIPTION: The number of parts for each NSN. 
This thesis used the abbreviations Qa for parts 
requested and Qp for parts in IIP. 


Received Date 


ACRONYM: RCVD_DATE 

FORMAT: julian date 

LENGTH: 4 

Pibeo WOE hE wSED: 2 through 9 

DESECRTPTION: The date the ordered repair part 


was received Dy the requesting unit. 


Serial Number 


ACRONYM: SER_NR 

FORMAT: alpha-numeric 

LENGTH: 8 

FILE WHERE USED: 1 

DESCRIPTION: A number to uniquely identify a 
specific weapon system (i.e., one particular 
M60 tank). 
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PACA 


Unit Price 


ACRONYM: U/P 

FORMAT: dollar 

BENGE: 9 8 

FILES WHERE USED: Sei0ra 

DESCRIPTION: The price of one unit of issue of a 
particular national stock number. 
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mer END IX C 
Plot RU CaURE SEE INIT TON 


This appendix relates the data elements to recommended 
files and sub-files. Two of the files, the ERO History 
File and the Document Status File, exist now. Various 
combinations and subsets of these files compose the 
sub-files needed for many of the computations. The 
Drevisioning tite, while not in the current USMC database 
structure could be added. The data needed is formulated 
CHO Viet iemmmaceaures in Chapter ViTof reference 
fe Notemthat in aerelational database configuration, 
the sub-file structures could be generated dynamically 
from the base tables (files). 


ae Pons bork 1 he 
DATA ELEMENTS: Cw CD oe DDL, DED vEr CD, EOIC, 


PROeNRoe RO CLOS, ID NR, JOB STAT, 
MIL_LAB_HRS, SER_NR 
AEP LCABEE, MORES eee. 1, 1.2 
DESCRIPTION: The primary maintenance information file 
of MIMMS/AIS. 


ee POCUMEN! STATES, FILE 
DATA ELEMENTS: DOC_DATE, DOC_NR, NSNa, NMCS, Qa, 
RCVD_DATE 
Se PLCECApLE MOrs Tt, ie 
DESCRIPTION: The primary repair part file of 
MIMMS/AIS. 
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ERO/DOC FILE 

DATA ELEMENTS: ADV_CD, DOC_DATE, DOC_NR, ERO_NR, 
ID_NR, NSNa, RCVD_DATE 

APPLICABLE MOES: 1.1, 1.2 ,S25a2 cae oe 

3.2, 3.3% 53,4505 sore 

DESCRIPTION: A file which marries the range of 

demanded repair parts documents to specific weapon 

systems using ERO_NR as a Key. 


ERO/DOC/CON FILE 

DATA ELEMENTS: ADV_CD, DOC_DATE, DOC_NR, ERO_NR, 
ID_NR, NSNa, RCVD_DATE 

APPLITD@ABLE M@ES: 92. loyzeezec 

DESCRIPTION: A file which marries range of demanded 

consumable to specific weapon systems using ERO_NR 

as a key. Includes only documents with an advice 

Code Vole 2s 


ERO/DOC/REP FILE 

DATA ELEMENTS: ADV_CD, DOC_DATE, DOC_NR, ERO_NR, 
ID_NR, NSNa, RCVD_DATE 

APPLICABLE MOES:) @2ehe, 32.2e 

DESCRIPTION: A file which marries the range of 

demanded reparables to specific weapon systems using 

ERO_NR as a key. Includes only documents with an 

advice code Of ene 


ERO / DOG) SUM FILE 

DATA ELEMENTS: DOC_DATE, DOC_NR, ERO_NR, ID_NR, 
NSNa, Qa, RCVD_DATE 

APPLICABEE MOE: 92.25 

DESCRIPTION: A file which marries the depth of 

demanded repair parts to specific weapon systems 

using ERO_NR as a key. 


e 
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ERO/DOC/CON/SUM FILE 

DATA ELEMENTS: ADV_CD, DOC_DATE, DOC_NR, ERO_NR, 
ID_NR, NSNa, Qa, RCVD_DATE 

Mane ieA nL Yt MOK = se2.2d 

DESCRIPTION: A file which marries the depth of 

demanded consumables to specific weapon systems 


using ERO_NR as a key. Includes only document numb- 
Spor wih omeaavice code of 2-2 


BODOG) REP/ SUM FILE 

DATA ELEMENTS: ADV_CD, DOC_DATE, DOC_NR, ERO_NR, 
DENneNoONa, Oa, REVD DATE 

APPLICABLE MOES: 2.2f 

DESCRIPTION: A file which marries the depth of 

demanded reparables to specific weapon systems using 

Ene EROONR aS a lKey. Includes only documents with 

Aiea bee Code Ota t . 


ERO/DOC/CRIT FILE 
DATA ELEMENTS: DOC_DATE, DOC_NR, ERO_NR, ID_NR, 


NMCS, NSNa, Ja, RCVD_DATE 
APPLICABLE MOES: 2.1la, 2.4, 4.4 
DESCRIPTION A tile which marries demand for critical 
parts to specific weapon systems using the ERO_NR 
aS a key. Includes only documents with a NMCS in- 
Gueater Of N or 9. 


PROVISIONING FILE 

DATA ELEMENTS: ID_NR, NSNp, Op, U/P 

Menem MORES: lo.l, 1.2, 2.la, 2.lb, 2.1c¢c, 2.2a, 
CeCe ceed. 2.26, 2.ef, 223, 2.4, 3.1, 3.2, 
Smmore OP) Os; 

DESCRIPTION: A file initially derived from the 
imeriaielssue Control File which consists of repair 
parts in the IIP. 
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ae 


PROV /CRITSBILE 


DATA ELEMENTS: CEC, ID_NR, NSNp, Qp, U/P 


APPLICABLE MOEsS: 4.1, 


aa, Sea 4 


DESCRIPTION: A fille which conmainecwonlyscri tical 


repair parts of IIP. 
repair part. 


A CEC of 4 or 5 denotes critical 
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APPENDIX D 
MOE DEFINITION 


In this appendix, the 23 proposed MOEsS are defined 
and their data elements are identified. Also listed 


are the files necessary should a file processing procedure 
be required. 


1. WEAPON SYSTEM AVAILABILITY (Ao 
MOE NUMBER: 1.1 
Da AE DEMEN Roc Cal CD ep DIiaaweD DEF CD, DOC DATE, 
DOCENRSatOLCrs EROGNR ERO CLOS, 
ID_NR, JOB STAT, MIL_LAB_ HRS NSNa, 
NSNp, RCVD_DATE, SER_NR 
FILES REQUIRED: ERO History File 
Document Status File 
ERO/DOC File 
Provisioning File 
DESCRIPTION: A percentage measure of weapon system 
readiness. Will range from 0 to 100% with 100% 
indicating that all weapon systems were operable for 
the given time period. 
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NON-AVAILABILITY PROVISIONING (N 

MOE NUMBER: 1.2 

DATA ELEMENTS: CAT_CD, DDL, DCD, DEF_CD, DOC_DATE, 
DOC_NR, EOTC, ERO_NR, ERO _CLOS, 
ID_NR, JOB_STAT, MIL_LAB_HRS, NSNa, 
NSNp, SER_NR 

FILES REQUIRED: ERO History File 


Document Status File 


ERO/DOC File 

Provisioning File 
DESCRIPTION: A percentage of the contribution of 
repair part shortages to a weapon system’s deadline 
rate. Will range from 0 to 100% with 0% meaning no 
weapon system was deadlined for want of parts. 


TOTAL MSRT (MSRTt 

MOE NUMBER: §822053 

DATA ELEMENTS: DOC_DATE, DOC_NR, ERO_NR, ID_NR, 
NSNa, NSNp, RCVD_DATE 

FILES REQUIRED: ERO/DOC File 
Provisioning File 

DESCRIPTION: The average number of days delay for 

all repair parts for a weapon system. 


CONSUMABLE MSRT (MSRTc ) 
MOE NUMBER: 25 


DATA ELEMENTS: ADV_CD, DOC_DATE, DOC_NR, ERO_NR, 
ID_ NR, NSNa, NSNp, RCVD_DATE 
FILES REQUIRED: ERO/DOC/CON File 
Provisionime? tite 
DESCRIPTION: The average number of days delay for 
consumables. 
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REPARABLE MSRT (MSRTr ) 
MOE NUMBER: 2uxke 


WATS ELEMENTS: ADV CD, DOC DATE VW@Ee NR, ERO NR, 
ID_NR, NSNa, NSNp, RCVD_DATE 
FILES REQUIRED: ERO/DOC/REP File 
Provisioning File 


DESCRIPTION: The average number of days delay for 
reparables. 


TOTAL SMA RANGE (SMAt,r 
MOE NUMBER: 2.2a 
DATA ELEMENTS: DOC_NR, ERO_NR, ID_NR, NSNa, NSNp 
FILES REQUIRED: ERO/DOC File 

Provisioning File 
DESCRIPTION: A percentage of the IIP range match 
to actual demand. A value of 100% shows that all 
range demands were met by the IIP. 


TOTAL SMA DEPTH (SMAt,d 
MOE NUMBER: 2.2b 
Pata SLE ves:  DOGCANR, ERO NR, 1DeNR, NSNa, NSNp, 
Qa ae, 
FILES REQUIRED: ERO/DOC/SUM File 
Rov LS Lond ne Ff ihe 
DESCRIPTION: A percentage of the IIP depth match to 
actual demand. A value of 100% shows all demands 
were met by the IIP. 
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Die 


CONSUMABLE SMA RANGE (SMAc,r 

MOE NUMBER secre Cc 

DATA ELEMENTS: ADV_CD, DOC_NR, ERO NR, ID_NR, NSNa, 
NSNp 

FILES REQUIRED: ERO/DOC/CON File 
Provisioning File 

DESCRIPTION: A percentage of the IIP range match to 


actual demand for consumable items. 


CONSUMABLE SMA_ DEPTH (SMAc,d) 
MOE NUMBER: 2.2d 


DATA ELEMENTS: ADV_CD, DOC_NR, ERO_NR, ID_NR, NSNa, 
Noo je Ge, op 

FILES REQUIRED: ERO/DOC/CON/SUM File 
Provisioning File 

DESCRIPTION: A percentage of the IIP depth match 

to actual demand for consumables. 


REPARABLE SMA RANGE (SMAr,r) 
MOE NUMBER: 2.d2e 


DATA ELEMENTS: ADV_CD, DOC_NR, ERO_NR, ID_NR, NSNa, 
NSNp 

FILES REQUIRED: ERO/DOC/REP File 
Provisioning File 

DESCRIPTION: A percentage of the IIP range match 

to actual demand for reparables. 


REPARABLE SMA DEPTH (SMAr,d) 
MOE NUMBER: 2.21 


DATA ELEMENTS: ADV_CD, DOC_NR, ERO_NR, ID_NR, NSNa, 
NSNp, Qa, Qp 

FILES REQUIRED: ERO/DOC/REP/SUM File 
Provisioning File 

DESCRIPTION: A percentage of the IIP depth match 

to actual demand for reparables. 
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ee 
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BACKORDER PERCENTAGE 
MOE NUMBER: 2.3 
tala ES EErPNTS: DOC NER EROUNR ID NR, NSNa, NSNp, 
Bebe KEQUIRED: E2RO/ DOC@ rime 

Provistonming Fille 
DESCRIPTION: A percentage of the actual demand depth 
Pietewas NOU met by the [RRe Simply ene minus SMAt,d. 


AVERAGE DAYS DELAY FOR DELAYED REQUISITIONS (ADDDR 
MOE NUMBER: 2.4 
DATA ELEMENTS: (DOC DATE, DOC ONE a eROUNR, ID_NR, 
NSNa, NSNp 
FILES REQUIRED: ERO/DOC File 
Provisioning File 
DESCRIPTION: The average days delay for critical 
parts that were backordered. Simply the MSRTt divided 
by one minus the SMAt,d. 


INVESTMENT COST 


PIOM NOIR ix < de 2 

DATA ELEMENTS: ID_NR, Qp, U/P 

FILES REQUIRED: Provisioning File 

DESCRIPTION: The dollar value of initial investment 
iaeecie. 1 1 P., 


ORDER COST 


MOE NUMBER: 3.2 
DAL Aw eek MENTS aoc NRE RO NK IDONR, Ki, NSNa, 
NSNp, Qa, Qp, U/P 
FILES REQUIRED: ERO/DOC File 
Provisioning File 
DESCRIPTION: A dollar estimate of expedited pro- 
cessing for demanded parts that were not in the IIP. 


ee 


hele 


a ae 


Ves 


ioe 


TOTAL OVERAGE COST 
MOE NUMBER: 3.3 
DATA ELEMENTS: DOC_NR, ERO_NR, ID_NR, K2, NSNa, 
NSNp, Qa,Qp, U/P 
FILES REQUIRED: ERO/DOC File 
Provisioning File 
DESCRIPTION: A dollar estimate of the inventory 
holding costs, obsolescence costs and the time value 
of money of IIP repair parts that were not demanded. 


OVERAGE PERCENTAGE 

MOE NUMBER: 3.4 

DATA ELEMENTS: DOC_NR, ERO_NR, ID_NR, NSNa, NSNp, 
Qa, Op, U/P 


FILES REQUIRED: ERO/DOC File 

Provisioning File 
DESCRIPTION: A percentage of the dollar value of 
excesses to the IIP investment cost. 


PERCENTAGE IIP CRITICAL, RANGE 

MOE NUMBER: 4.1 

DATA ELEMENTS: CEC, ID_NR, NSNp 

FILE REQUIRED: PROV/CRIT File 

DESCRIPTION: <A percentage of critical parts range 
to total IIP range. 


PERCENTAGE IIL PRCRIDUCAR Dre TH 

MOE NUMBER: 4.2 

DATA ELEMENTS: CEC, ID_NR, NSNp, Qp 

FILE REQUIRED: PROV/CRIT File 

DESCRIPTION: A percentage of the critical parts 
depth to total IIP depth. 


ta 


tO} 


eailie 


CREA 


aio 


Be OONTAGH SIP OCRIPICAL, DOLLAR VALUE 

MOE NUMBER: 4.3 

Pala ELEMENTS: CEG eeDENK. NSNp,; Op, U/P 

FILE REQUIRED: PROV/CRIT File 

DESCRIPTION: A percentage of the critical part 


dollar value to the total IIP dollar value. 


PeROBNLAGE TIP CRITILCALMSHORTAGES 

MOE NUMBER: 4.4 

DATA ELEMENTS: CEC, DOC_NR, ERO NR, ID_NR, NMCS, 
NSNa, NSNp, Qa, Qp 

Peres REOULRED. ERO/DOC/CRIYT Fite 
PROV/CRIT File 

DESCRIPTION: A percentage of critical part shortages 


to total number of IIP shortages. 


PERCENTAGE NO-DEMAND, RANGE 
MOE NUMBER: 5.1 
Pave EDEMENTS: SOC NR, ERO NR, ID_NR, NSNa, NSNp 
FILES REQUIRED: ERO/DOC File 

Provisioning File 
DESCRIPTION: A percentage of no-demand, range for 
Pie pares - 


PERCENTAGE NO-DEMAND, DEPTH 

MORON Be Rs 5). 2 

DATA ELEMENTS: DOC_NR, ERO_NR, ID_NR, NSNa, NSNp, 
Qa, Qp 

FILES REQUIRED: ERO/DOC File 
Provisioning File 

DESCRIPTION: A percentage of no-demand, depth for 

PRES parts. 
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APPENDIX & 


MOE/DATA ELEMENT MATRIX 


Refer to Appendix B for data element abbreviations 
and Appendix D for MOE numbering. 
MOE NUMBERS 
DATA ELEMENT] 1.2°V1.2 [23eWal 22 eZ. veneers Jape 


ADV_CD * x * 
CAT ICD * * 

Cae 

DDL 

DCD 

DEF _CD 
DOC_DATE 
DOC_NR 

BO le 

ERO_NR 
BROSEEOS 
ID_NR 
JOB_STAT 

Kl 

K2 
MIL_LAB_HRS 
NSNa * * * *x * * * ee 
NSNp * * * * x x x x 
NGS 

Qa * 

Qp * 
RCVD_DATE * * * * * 

SER _NR * * 

U/P 


*% *%§ %%§ &*§ & HH H %H# MH * 
*% * *§ &% %%H 8% %H% %H# H * 

% 

% 

% 

% 

% 

% 


% 
% 
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MOE NUMBERS 
Deve beneN Siegezal2 2 2elZ.zf(/2.3 |2.4 13.1 13. 


tO 


ADY CD * * * 

CAT CD 

CEE 

DDL 

pep 

DEF_CD 

DOeS DATE * 

DOC _NR x * x x K * 
BOC 

ERO_NR * x * * * x 
SaO2eLOS 

ID_NR * x * * * x “ 
MOB ISTST 

Kl vs 
ke 

(ee LAB ARS 

NSNa * * * x * K 
NSNp * * * * * * 
eo 

Qa * x x 
Op x * * x 
See ere 

ann ONK 

ye a “ 


MOE NUMBERS 
DATA ELEMENT {3.4 14.1 [4.2 [4.3 |4.4 


Dy aor 

CAT 3c 

Cre x x * x 
DDL 

DCD 

DEF _CD 

DOC _DATE 

DOC_NR * * 
ROTC 

ERO_NR * * 
PR@eCLOS 

ID_NR x x * * * 
JOB_STAT 

Kl 

K2 

Mil bABSHRS 

NSNa * 

NSNp x x x * 
NMCS 

Qa * 

Qn * * * 
RCVD_DATE 

See se 

[}/P x | * 


*% *© %H# %W8 * 
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